Vitamin D deficiency has been linked to hypertension. Although vitamin D deficiency is common in tropical regions, no data on its association with hypertension were available. We randomly selected 137 cases and controls whose plasma in 1985 was available for the assessment of vitamin D status and calculated the odds ratio of having hypertension in 1997. In all, 36% of the participants were vitamin D deficient. The odds ratio of having hypertension was marginally significant for vitamin D deficiency (0.59, P ¼ 0.05) and statistically significant for body mass index (BMI)-defined overweight (1.8, P ¼ 0.02). The inverse relationship between vitamin D deficiency and hypertension became statistically significant after further adjustment for BMI, high-density lipoprotein cholesterol and triglyceride (0.55, P ¼ 0.03). Stepwise regression identified BMI-defined overweight and vitamin D deficiency as the variables of significance in relation to hypertension. Our data suggest that vitamin D deficiency, although not a rarity in Thailand, was not associated with an increased risk of developing hypertension in Thai people.
Introduction
The virtues of vitamin D have expanded beyond its role in the musculoskeletal system (Reichel et al., 1989) , following the discovery of cytosolic and membrane-bound vitamin D receptor in the cells other than those responsible for serum calcium homeostasis (Henry et al., 1984) , and the existence of local 1a-hydroxylase vital for activating the vitamin D hormone in various extrarenal tissues (Merke et al., 1989) . Laboratory studies demonstrated that 1-25 dihydroxyvitamin D suppresses two factors responsible for the development of hypertension, namely renin expression from juxtaglomerular cells in the kidney (Zehnder et al., 1999) and vascular smooth muscle cell growth (Carthy et al., 1989) . Given the natural abundant source of vitamin D from sunlight and the globalization of hypertension, the findings should bode well for those living in tropical areas where sunlight is a perennial presence and fortifying foods with vitamin D is not practiced. The assumption notwithstanding, age, gender, clothing preferences, work types, skin colors, fear of sun-induced skin cancer and blemishes, and distaste for the heat can potentially exert a negative influence on the individual's vitamin D status (Woodhouse et al., 1993) . It should therefore be of interest to explore the existence of vitamin D deficiency and the association between vitamin D status and hypertension in a group of middle-aged, middle-class Thais living in Thailand.
Subjects and methods

Study population
In 1985, 3499 employees of the Electricity Authority of Thailand, based at the company's head plant in Nonthaburi and aged from 35-54 years, volunteered to take part in a survey of vascular risk factors. In 1997, 2967 willing participants were resurveyed using similar methods to those employed at baseline. We identified 137 participants with incidental hypertension in 1997. Controls were selected from participants who were alive and had no history of hypertension in 1985 and at case ascertainment, matched for age and gender to cases at a 1:1 ratio.
Measurements
Subjects were classified as hypertensive if their systolic blood pressure was X140 mm Hg and/or diastolic blood pressure X90 mm Hg. Current and prior medical conditions, prescribed treatments, and smoking and drinking behaviors were collected using a self-administered questionnaire completed in 1985. Body mass index (BMI) was calculated from directly measured height and weight. 25-Hydroxy vitamin D (25(OH)D), total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol, triglyceride and glucose were measured from fasting blood.
Statistical analysis Stata 9.0. (StataCorp, College Station, TX, USA) was used for all analyses. Vitamin D deficiency was defined as serum 25(OH)D below 28 ng/ml, according to a recent crosssectional study of Thai women, which found a compensatory increase in parathyroid hormone at serum 25(OH)D below this level (Chailurkit et al., 2011) . Apart from vitamin D status, only BMI, HDL-C and triglyceride were found to be significantly different between cases and controls. These variables were used as covariables in the conditional logistic regression to investigate the association between vitamin D status and the incidence of hypertension. BMI cutoff values for obesity (25 kg/m 2 ) and overweight (23 kg/m 2 ) for Asians were employed (WHO, 2000) . Cutoff values for serum levels of HDL-C (435 mg/dl) and triglyceride (X200 mg/dl) were based on the criteria of United States National Cholesterol Education Program. Stepwise regression was performed to select variables of significance. All P-values are 2-tailed with significant level at Po0.05.
Results
Baseline characteristics of cases and controls are shown in Table 1 . Cases had a higher BMI, a lower level of HDL-C and a higher level of triglycerides. In all, 36% of subjects had serum 25(OH)D below 28 ng/ml. Although the difference in mean plasma 25(OH)D levels between cases and controls was not significant (33.96 ng/ml in cases vs 32.03 ng/ml in controls, P ¼ 0.23), controls had a significantly higher proportion of vitamin D deficiency than cases (42% vs 30%, P ¼ 0.04). We examined vitamin D deficiency, BMI, HDL-C, and triglycerides in relation to hypertension through conditional logistic regression. Adjusted for age and gender, the odds ratio of having hypertension were marginally significant for vitamin D deficiency (0.59, P ¼ 0.05), statistically significant for obesity-defined BMI (2, P ¼ 0.02), marginally significant for lower HDL-C (0.5, P ¼ 0.05), but not significant for higher triglyceride. The inverse relationship between vitamin D deficiency and hypertension was attenuated after adjustment for BMI but became statistically significant when HDL and triglyceride were added to the analysis (0.56, P ¼ 0.04; Table 2 , analysis 1). Stepwise regression identified BMI to be the only variable of significance in relation to hypertension.
When BMI value for overweight Asians was used (Table 2 , analysis 2), the inverse relationship between hypertension and vitamin D deficiency was marginally significant after adjustment for BMI and statistically significant after further adjustment for HDL and triglyceride (0.55, P ¼ 0.03); the odds ratio of having hypertension for BMI remains statistically significant (1.8, P ¼ 0.02), and stepwise regression identified BMI and vitamin D deficiency to be the variables of significance in relation to hypertension.
Discussion
Our study confirmed that vitamin D deficiency was not a rarity in tropical countries (Islam et al., 2006) . As vitamin D fortification is not de rigueur in Thailand, it may be safely assumed that the factors responsible for vitamin D deficiency were related to decreased sun exposure and/or intentional avoidance of the solar ultraviolet. Contrary to findings in other studies, vitamin D deficiency in our study is negatively, albeit non-causally, associated with hypertension. Our assumption that vitamin D status did not change over time may prove incorrect, therefore, it remains to be seen whether this negative association will be replicated in studies of a larger sample size in other tropical cohorts. However, even if vitamin D deficiency proves to be another contributing factor for hypertension, its influence is likely to pale in comparison with that of high BMI or low socioeconomic status (Pickering, 1999) .
